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(57) Abstract 

A filler material for a surgically implantable prosthesis comprised of a synthetic triglyceride having a viscosity substantially greater 
than that of naturally occurring triglycerides is provided. The triglyceride composition is fomied of saturated alkyl chains to reduce or limit 
the potential for oxidation of the alkyl chains to form peroxide groups which adversely affect the biocompatibility of the filler material aid 
the implant Preferably, the filler material has a viscosity substantially the equivalent of a normal human breast The synthetic triglyceride 
filler material may also have a lower viscosity which is a liquid at room temperature for use in inflatable devices. Prostheses containing 
filler material having the desired viscosity and antioxidation chaiacteiistics are also provided as well as a mediod for preparing the filler 
material. 
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SYNTHETIC TRIGLYCERIDE FILLER MATERIAL 
FOR SURGICALLY IMPLANTED PROSTHESES 

Field of the Invention 

This invention generally relates to surgical 
implants or prostheses, and more particularly to a filler 
material for implants comprising a flexible shell enclos- 
5 ing a filler material and implants containing the filler 
material. 

Background of the Invention 

Surgical implants requiring a filler material, 
such as breast implants, penile implants, or musculature 

10 implants, have conventionally used a silicone gel or a 
saline solution as the filler material. One of the pri- 
mary concerns in the design of an implant is to provide a 
tactile response that is comparable to the tactile re- 
sponse of normal human tissue. Silicone has been the 

15 filler material of choice primarily because silicone 
filled implants provided an adequate tactile response, 
but the very nature of the silicone filler material also 
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limits the desirability of Its tactile properties. Sili- 
cone filled implants typically comprise about 10-20% 
cross-linked silicone which forms an interconnected 
"sponge" in the implant with the remainder of the filler 
5 material being low molecular weight silicone oil. Be- 
cause of this "sponge", silicone filled Implants are 
stlffer than human tissue, such as breast tissue, and do 
not provide the same feel as human tissue. Moreover, 
adverse medical consequences have recently become associ- 
10 ated with the use of silicone gel filled implants because 
it has been discovered that the silicone oil can migrate 
through the implant shell and the silicone oil is not 
biocompatible with other human tissues. Therefore, the 
use of silicone based filler materials has been dlscon- 
15 tmued in the industry. Saline filled implants have not 
exhibited any adverse medical consequences when used as a 
filler material in an implant, but saline is not consid- 
ered a preferred filler material because of the relative- 
ly low viscosity (-Icp) of such a solution which renders 
20 undesirable its tactile properties. 

in U.S. Patent No. 4,995,882 Issued to Destouet et 
al., the rights to which are owned by the assignee here- 
in, naturally occurring, vegetable derived triglyceride 
oils were proposed for use as a filler material for a 
25 breast implant. This represented a dramatic break from 
the teaching of the prior art and is a good and valuable 
invention. One of the stated reasons for using a tri- 
glyceride oil composition was to take advantage of the 
radlolucent characteristics thereof so that a useful 
30 mammogram could be performed of an Implanted breast. 
Although this radiolucency characteristic is important 
for mammograms, the naturally occurring triglyceride oil 
compositions disclosed by Destouet et al., such as peanut 
oil and sunflower seed oil, have a relatively low vlscos- 
35 ity (-30cps) and as such do not completely provide the 
desired tactile response of a normal breast. Further- 
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more, nattirally occurring triglyceride oils typically 
contain unsaturated and/or polyunsaturated allcyl groups 
which are susceptible to oxidation. It is known that 
polyunsaturated fatty acid side chains of triglycerides 
5 will react with molecular oxygen to create unstable re- 
duction products such as superoxide and hydrogen perox- 
ide. This is known as lipid peroxidation or rancidifica- 
tion. The reaction forms peroxy lipid radicals and even- 
tually results in the formation of shorter chain com- 

.10 pounds such as malondialdehyde, ethane, pentane and 4- 

hydroxyalkenals, free fatty acids, and the unstable supe- 
roxide and peroxide moieties. The free radicals produced 
as a result of lipid peroxidation are capable of harming 
cells and cellular components as well as molecular struc- 

15 tures essential to the organism. Because of the hydro- 
phobic nature of lipid radicals, it is believed that 
membrane associated molecules would be most at risk,* but 
other molecular species such as non-oxidized lipids, 
carbohydrates, lipoproteins and nucleic acids could be 

20 damaged. Thus, it is believed that the oxidation of 
unsaturated alkyl chains on a triglyceride may reduce 
over time the biocompatability of naturally occurring 
triglycerides in an implant. 

There is, therefore, room for improvement with a 

25 filler material which retains the radiolucent character- 
istics of a naturally occurring triglyceride oil while 
also having an improved viscosity and biocompatability, 
and implants containing such a filler material. 

Summary of the Invention 

30 The present invention is directed to a filler 

material for a surgically implantable prothesis that 
exhibits the radiolucent characteristics of naturally 
occurring triglycerides but which also has a greater 
viscosity and which provides a tactile response substan- 

35 tially the equivalent of the tactile response of normal 
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human tissue, such as breast tissue. According to the 
invention, a synthetic triglyceride composition contain- 
ing triglycerides having saturated alkyl chains of be- 
tween 4 and 26 carbons in length in proportions such that 
5 the triglyceride composition has a viscosity substantial- 
ly greater than naturally occurring triglyceride oils is 
provided, preferably, the filler material provides a 
tactile response substantially the equivalent of the 
tactile response of normal human tissue, and has a vis- 
10 cosity of about 10,000cps at a temperature of between 

about 32-C and about 40-C. Its viscosity can be compared 
to that of a viscous paste over the extremes of physio- 
logic temperature, i.e. 32-C to 40-C. This is achieved 
by providing a triglyceride composition having alkyl 
15 chains of varying lengths in selected proportions to 
provide this increased viscosity characteristic. 

in another aspect of the invention, the filler 
material is prepared in a manner which reduces its sus- 
ceptibility to autoxidation to enhance its 
20 biocompatibility. This is achieved by utilizing triglyc- 
erides that have substantially all saturated alkyl groups 
or by the inclusion of antioxidants with the filler mate- 
rial. 

in still another aspect of the invention, a surgx- 
25 cally implantable prosthesis containing a filler material 
that can be provided in a range of viscosities, and a 
method for preparing such a filler material, is provided. 
This enables the provision and production of an implant 
having a --re-selected viscosity or tactile response. 

30 in yet another aspect of the invention, a synthet- 

ic triglyceride composition containing triglycerides 
having fully saturated fatty acid (alkyl) side chains in 
proportions providing a composition that is a liquid at 
room temperature (~23-C) is provided. This filler mate- 

35 rial has a viscosity similar to that of naturally occur- 
ring triglyceride oils, but is fully saturated to limit 
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the posslbill-by of oxidation and can be readily injected 
via a small diameter delivery tube into an already im- 
planted device. 

The present invention is further directed to 
5 surgically implantable prostheses containing this filler 
material within the sealed shell of the prosthesis. 



Detailed Description of the Preferred Embodiments 

In accordance with the present invention, a filler 
material for a surgically implantable prosthesis compris- 

10 ing a synthetic triglyceride composition is provided. 
The triglyceride composition is preferably resistant to 
oxidation by the provision of fully saturated alkyl 
chains on the triglycerides and the triglyceride composl* 
tion contains alkyl chains (fatty acid side chains) of 

15 varying lengths in a selected proportion such that the 
triglyceride composition has a viscosity of at least 
about 10,000cps at a temperature of between about 32 ""C 
and 40^*0. 

Fully saturated allcyl chains from fatty acids of 

20 the desired carbon chain length are utilized in the prep- 
aration of the triglyceride filler material of this in- 
vention to reduce or eliminate the vulnerability of the 
triglyceride composition to oxidation which can result in 
the production of free radicals which reduce the 

25 biocompatibility of the filler material and could have 
adverse effects on surrounding tissue in the event of 
leakage or implant rupture. While it is preferred that 
the alk^:- chains be fully saturated for these reasons, 
synthetic triglyceride compositions that are substantial- 

30 ly saturated are effective in limiting the oxidation of 
the composition and represent a significant improvement 
over naturally occurring triglycerides that are typically 
highly unsaturated. It is preferable if the alkyl groups 
are at least about 80% saturated, and more preferably 

35 greater than 90% saturated. To further limit the possi- 
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bility Of oxidation of a triglyceride composition, anti- 
oxidants such as tocopherol (Vitamin E) can be added to 

the composition. 

The triglyceride composition of the present inven- 
5 tion can be prepared using standard methods known to 
those skilled in the art such as by reacting pure, fully 
saturated fatty acids of the desired carbon length with 
purified glycerol in an esterification reaction. The 
resulting triglyceride is purified from the reaction 
10 mixture by known techniques to provide a pure, non-con- 
taminated triglyceride. Fatty acids varying in length 
from 4 carbons to at least 26 carbons may be 
advantageously used in this reaction to form a triglycer- 
ide having alkyl chains of the desired length. The reac- 
15 tion mixture may contain only a single fatty acid of a 
desired chain length or the reaction mixture may contain 
a mixture of fatty acids of different lengths. Prefera- 
bly, saturated fatty acids of varying carbon length are 
provided in pre-selected proportions to yield a triglyc- 
20 eride composition having a selected viscosity. 

Alternatively, triglycerides can be prepared with 
only a single carbon length fatty acid and the filler 
material of the present invention is obtained by blending 
different triglycerides, each presenting alkyl chains of 
25 a uniform chain length, in such a manner as to provide a 
blend of triglycerides containing a mixture of alkyl 
chain lengths having the selected viscosity. When this 
method is employed, it must be understood that the pro- 
portions of the different carbon chain lengths needed to 
30 obtain the selected viscosity, as compared to the propor- 
tions needed to obtain a composition having the same 
viscosity by the preferred method, are not necessarily 
identical because of the differences in the structure of 

the ccMopositions . 
35 In the preparation of a triglyceride composition 

of a selected viscosity, a composition having a known 
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proportion of allcyl chain lengths is prepared and the 
viscosity and tactile response of the composition in the 
appropriate temperature range Is determined. If the 
resulting composition does not have the selected or de- 
5 sired viscosity or tactile response, the alkyl chain 
length proportions are varied and a new composition pre- 
pared and analyzed. 

By preparing a triglyceride composition in accor- 
dance with the method of this invention, an implant con- 

10 taining a filler material of a desired or pre-selected 
viscosity can be provided by adjusting the proportions of 
the varying lengths of alkyl chains on the triglycerides. 
If a more viscous composition having a "stiffer" tactile 
response is desired, a higher proportion of longer carbon 

15 chains and a higher average molecular weight, e.g. 10-14 
carbon length fatty acids, can be used. If a less vis- 
cous composition having a more fluid tactile response is 
desired, a higher proportion of shorter carbon chains and 
having a lower average molecular weight, e.g. 6 or 8 

20 carbon length fatty acids, can be used. By preparing 
triglyceride compositions according to the method 
described above using different proportions of fatty 
acids of varying carbon chain length, an array of tri- 
glyceride compositions having different viscosities and 

25 tactile properties can be determined. This provides a 
consumer with a choice among implants having a range of 
viscosities and permits the selection of an implant con- 
taining a filler material of a selected viscosity and 
tactile response. 

30 It should be understood that triglyceride composi- 

tions containing saturated alkyl chains of the desired 
length can also be purchased commercially and blended in 
the selected proportions to obtain a composition of the 
selected viscosity. 

35 The triglyceride composition of this invention 

preferably has a viscosity substantially greater than 



I 



PCTAJS94/12394 

WO 95/25549 

8 

that Of naturally occurring triglyceride oils, such as 
the peanut oil and sunflower seed oil triglycerides dis- 
closed by Destouet et al. Naturally occurring triglycer- 
ides, especially the vegetable triglycerides disclosed in 
5 Destouet et al., typically have a viscosity of approxi- 
mately 30CPS. The filler material of the present inven- 
tion preferably has a viscosity between about 10,000cps 
and about 50,000cpa, in a temperature range of between 
about 32-C and about 40«C, and more preferably between 
10 about ICOOOcps and 20,000cps. The viscosity of a tri- 
glyceride composition of this invention is measured by 
conducting a standard viscosity test known to those 
skilled in the art, such as the rotating spindle proce- 
dure or by the measurement of the flow of the fluid 
15 compared to a known standard, the flow being inversely 
proportional to its viscosity. It has been found that a 
synthetic triglyceride composition having a viscosity in 
the preferred range provides a tactile response substan- 
tially the equivalent of normal human tissue, and in 
20 particular, normal human breast tissue. 

AS described, the triglycerides used in the tri- 
glyceride composition of the present invention may con- 
tain alkyl chains varying in length from 4 carbons to 26 
carbons in proportions which provide the desired viscosi- 
25 ty. The triglycerides are of the formula 



30 



O 

CHj-O-C-R* 
O 

CH2-0-C-R^ 

I B 
CH2-0-C-R' 



35 where R\ R', and R^ are independently selected from alkyl 
chains of between 4 and 26 carbons in length. To deter- 
mine whether a particular proportion of triglycerides of 
differing alkyl chain lengths in a triglyceride composi- 
tion is sufficient for use in this invention, a desired 
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combination is prepared and its viscosity measured at 
around body temperature, approximately 37 "^C. If the 
tested composition exhibits a viscosity of about 
10,000cps, it is considered suitable for use as a filler 
5 material in accordance with the present invention. It is 
believed that by preparing a triglyceride composition 
having a blend of alkyl chains of varying length in the 
desired proportional amounts, a coincidence of melting 
points of the various triglycerides is achieved which 

10 results in a composition having the desired viscosity. A 
triglyceride composition of this invention preferably 
comprises a blend of at least three triglycerides con- 
taining alkyl chains of between 6 and 14 carbons in 
length. » A particular preferred triglyceride composition 

15 suitable for use in the present invention has been pre- 
pared and contains triglycerides having about 8% eight 
carbon saturated alkyl chains, about 8% ten carbon satu- 
rated alkyl chains, and about 84% twelve carbon saturated 
alkyl chains. This synthetic triglyceride composition 

20 has a viscosity of about 15,000cps at 37*'C, has a consis- 
tency similar to "warm butter" and closely approximates 
the tactile properties of a normal human breast* 

In another exemplary synthetic triglyceride compo- 
sition, a triglyceride composition having a viscosity 

25 that provides a more "fluid" tactile response has been 
prepared by producing a composition having about 15% six 
carbon saturated alkyl chains, about 15% eight carbon 
saturated alkyl chains, and about 70% ten carbon saturat- 
ed alkyl \^hains in the overall triglyceride composition. 

30 This composition has a viscosity of about 10,000cps at 
37*C. 

In an alternate embodiment of the invention, a 
synthetic triglyceride composition having a lower average 
molecular weight as a result of reduced average fatty 
35 acid side chain length and which is a liquid at room 
temperature is provided which is suitable for use in 
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inflatable devices. This filler material is prepared 
from fully saturated fatty acids as previously described 
and provides a filler material that has a viscosity of 
approximately 30-lOOcps. This filler material, there- 
5 fore, has a viscosity similar to the viscosity of natu- 
rally occurring triglyceride oils, but is not as vulnera- 
ble to oxidation (as previously described). Because this 
embodiment is a liquid at room temperature, it can readi- 
ly be injected via a small diameter delivery tube into a 
10 previously implanted inflatable-type device. An exempla- 
ry synthetic triglyceride composition of this embodiment 
contains triglycerides having about 10% eight carbon 
saturated alkyl chains, about 60% ten carbon saturated 
alkyl chains, and about 30% twelve carbon saturated alkyl 
15 chains. This filler composition has a viscosity of about 
SOcps, similar to naturally occurring triglyceride oils, 
but contains fully saturated allcyl chains and is thereby 
resistant to oxidation in contrast to naturally occurring 
triglyceride oils. The filler material previously de- 
20 scribed having a viscosity of about 10,000cps is a solid 
at room temperature which must be heated to higher than 
physiological temperatures (e.g. 40-C - 43-C) to liquify 
the filler material for introduction into an implanted 
inflatable device via a small tube. Thus, the first 
25 embodiment of the triglyceride composition as previously 
described can be used with inflatable devices, but re- 
quires the introduction technique to be revised by pre- 
heating the filler material in its container to reduce 
its viscosity for introduction. When this method is 
30 employed, care must be taken not to Increase the tempera- 
ture of the composition too much as damage to surrounding 
tissues could occur during introduction into the device. 

Both embodiments of the filler material are suit- 
able for use in implantable prostheses of the type com- 
35 prising a sealable shell or envelope. Techniques for 
manufacturing and filling this type of prosthesis are 
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well known to those of ordinary skill In the art and may 
be used herein* Thin walled shells comprised of a sili- 
cone polymer as well as other known shell materials are 
suitable for use in combination with the filler material 
5 of this invention. As described, the shells may be of 
the type that are pre- filled or that may be filled after 
implantation through small diameter delivery tubes. 

Just as prior art filler materials have been found 
to migrate through shells made of semi -permeable 

10 membranes such as silicone polymers, the filler material 
of the present invention is expected to do the same. 
However, with filler material of the present invention, 
higher molecular weight carbon chains may be employed and 
the larger carbon chains will minimize the amount of 

15 filler material which does migrate. Health risks associ- 
ated with migration of filler material are thus expected 
to be reduced or even eliminated. 

It is to be understood that various changes and 
modifications which may be made to the invention as would 

20 be apparent to those skilled in the art are considered to 
be included in the teaching of the disclosure, and it is 
intended that the invention be limited only by the scope 
of the claims appended hereto. 



wo 95/25549 PCT/DS94/12394 



12 

wtiat is claimed Is; 

1. A filler material for a surgically Implantable 
prosthesis comprising a biocompatible synthetic triglyc- 
eride. 

2. The filler material of claim 1 wherein the syn- 
thetic triglyceride has a viscosity greater than natural- 
ly occurring triglycerides, 

3. The filler material of claim 2 wherein the syn- 
thetic triglyceride has a viscosity providing a tactile 
response substantially the equivalent of the tactile 
response of a nonnal human breast. 

4. The filler material of claim 1 wherein the syn- 
thetic triglyceride is resistant to oxidation. 

5. The filler material of claim 4 wherein the syn- 
thetic triglyceride contains saturated alkyl groups. 

6. The filler material of claim 1 wherein the filler 
material is a liquid at about 23 'C. 

7. A breast implant containing a biocompatible filler 
material having a viscosity providing a tactile response 
substantially the equivalent of the tactile response of a 
normal human breast. 

8. T..^ breast Implant of claim 7 wherein the 
biocompatible filler material is a synthetic triglycer- 
ide. 



9, The breast implant of claim 7 wherein the filler 

material Is radlolucent under standard mammographlc pro- 
cedures, intensities and exposure times. 
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10. The breast implant of claim 7 wherein the filler 
material is resistant to oxidation. 

11. The breast implant of claim 8 wherein the synthet- 
ic triglyceride contains saturated alkyl groups. 

12. A surgically implantable prosthesis containing a 
filler material, said filler material being capable of 
being provided in a range of viscosities thereby permit- 
ting the prosthesis to have a pre-selected viscosity. 

13. The surgically implantable prosthesis of claim 12 
wherein the filler material is provided at a viscosity 
providing a tactile response substantially the equivalent 
of the tactile response of a normal human breast. 

14. The surgically implantable prosthesis of claim 13 
wherein the filler material is biocompatible. 

15. The surgically implantable prosthesis of claim 14 
wherein the filler material is a synthetic triglyceride. 

16. The surgically implantable prosthesis of claim 15 
wherein the filler material is resistant to oxidation. 

17. The surgically implantable prosthesis of claim 12 
wherein the filler material is a liquid at about 23''C. 

18. A utethod for preparing a synthetic triglyceride 
filler material of a pre-selected viscosity for use in a 
surgically implantable prosthesis, the method comprising: 

5 selecting a viscosity for the synthetic triglycer- 

ide filler material; and 

formulating a synthetic triglyceride filler mate- 
iMal composition having synthetic triglycerides comprised 
of alkyl chains of varying length in proportional amounts 
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sufficient to yield a filler material of the selected 
viscosity. 

19. The method of claim 18 wherein the synthetic 
triglyceride filler material is formulated by reacting 
proportional amounts of fatty acids of different chain 
lengths with glycerol in an esterification reaction to 
yield the synthetic triglyceride filler material of the 
pre-selected viscosity. 

20. The method of claim 18 wherein the synthetic 
triglyceride filler material composition is formulated by 
obtaining synthetic triglycerides of different alkyl 
chain length and mixing said triglycerides together in 
proportional amounts to yield the synthetic triglyceride 
filler material of the pre-selected viscosity. 

21. The method of claim 19 wherein the viscosity 
selected provides a tactile response substantially the 
equivalent of the tactile response of a normal human 
breast. 

22. The method of claim 21 wherein the fatty acids are 
between 4 and 26 carbons in length. 

23. The method of claim 22 wherein three fatty acids 
of between 6 and 14 carbons In length are selected and 
provided in proportional amounts to yield a filler mate- 
rial having a viscosity of at least about 10,000cps when 
reacted with glycerol. 

24. The method of claim 20 wherein the viscosity 
selected provides a tactile response substantially the 
equivalent of the tactile response of a normal human 
breast. 
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25* The method of claim 24 wherein the fatty acids are 
between 4 and 26 carbons in length. 

26. The method of claim 25 wherein three fatty acids 
of between 6 and 14 carbons in length are selected and 
provided in proportional amounts to yield a filler mate- 
rial having a viscosity of at least about lO^OOOcps when 
reacted with glycerol. 

27. A breast implant comprised of a filler material 
within a flexible envelope, the filler material being a 
synthetic triglyceride having a viscosity providing the 
tactile response substantially the equivalent of the 

5 tactile response of a normal human breast. 

28. The breast implant of claim 27 wherein the filler 
material is resistant to oxidation. 

29. The breast implant of claim 27 wherein the 
synthetic triglyceride contains saturated alkyl groups. 

30. The breast implant of claim 27 wherein the filler 
material is radiolucent under standard mammographic pro- 
cedures, intensities and exposure times. 

31. The breast implant of claim 27 wherein the enve- 
lope is made of silicone. 

32. A ^i^ethod of preparing a surgically implantable 
prosthesis having a pre-selected viscosity comprising: 

utilizing a filler material that can be provided 
in a range of viscosities; and 

formulating said filler material to the pre-se- 
lected viscosity. 
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33. The method of claim 32 wherein said filler materi- 
al is a synthetic triglyceride. 

34. The method of claim 33 wherein said synthetic 
triglyceride is resistant to oxidation. 

35. The method of claim 34 wherein said synthetic 
triglyceride is formulated by reacting proportional 
amounts of fatty acids of different chain lengths with 
glycerol in an esterification reaction to yield the syn- 
thetic triglyceride filler material of the pre-seleoted 

5 viscosity. 

36. The method of claim 34 wherein said synthetic 
triglyceride is formulated by obtaining synthetic tri- 
glycerides of different alkyl chain length and mixing 
said triglycerides together in proportional amounts to 
yield the synthetic triglyceride filler material of the 
pre-selected viscosity. 
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